The normal state behaviour of the density of states of the electrons described by the BOSON -FERMION model for Bose-Einstein condensation driven superconductivity is characterized by the appearence of a pseudogap which developes into a true gap upon lowering the temperature and the superconducting critical temperature is approached. The consequences of this on the temperature dependence of the specific heat, the NMR relaxation rate and the optical conductivity is examined.
The opening of a pseudogap in the density of states (DOS) of the electrons in the normal state of high T c superconductors (HTcSC) is one of the characteristic features of these materials [1] . One possible interpretation involve spin fluctuations as the underlying mechanism.
This pseudogap is then called the spingap, the discussion of which has given rise to intense work based on the t − J model or the nearly antiferromagnetic Fermi liquid. In this Letter, we want to adress an alternative mechanism for this pseudogap in terms of superconducting fluctuations. The existence of such a pseudogap together with the experimental indications that possibly two types of charge carriers (fairly localized ones and itinerant ones) are involved in the high T c phenomenon [2] supports a scenario of a mixture of intrinsically localized Bosons (tightly bound electron pairs) and itinerant electrons (Fermions) . This situation can be described in its simplest form by the so called BOSON -FERMION (BM) model which was first introduced in connection with the many polaron problem in the cross-over regime between adiabatic and non-adiabatic behaviour. In such a scenario [3] bipolarons and thus leads to the appearance of a pseudogap and single particle excitations which show strong deviations from Fermi liquid behaviour [5] . The underlying BF model on which this behaviour has been studied sofar is given by the following Hamiltonian We have previously evaluated the single particle Boson and Fermion spectral properties for a 1D system within the lowest order fully selfconsistent conserving approximation [6] and have shown explicitely the opening of the pseudogap and the destruction of Fermi liquid
properties [5] . In order to ascertain that these features were indeed unrelated to any physics of one dimensional systems we further considered the case of a 2D square lattice [7] and obtained results which are qualitatively analogous the the 1D case thus confirming that the pseudogap in the DOS of the Fermions is an intrinsic feature of the BF model.
It is the purpose of this Letter to demonsrate how this opening of the pseudogap in the DOS of the Fermions and the destruction of the Fermi liquid properties show up in physi-
cally accessible thermodynamic (specific heat, compressibility), magnetic (NMR relaxation rate, spin susceptibility) and transport (optical conductivity) properties. We shall use the same approximative scheme as that which served us for the evaluation of the single particle properties previously [5, 7] and which is based on a fully selfconsistent lowest order evaluation of the thermodynamic potential, given by the closed loop diagram illustrated in Fig.1 and presenting a functional of the full one particle Fermion et Boson Green's functions. Within such a scheme the one and two particle Green's functions are derived from this closed loop diagram by standard functional derivatives with respect to an external space-time varying field [6] which for our approximation gives rise to the following expressions for the Boson and Fermion selfenergies:
where
represent the fully selfconsistently determined Fermion and Boson one particle Green's functions. The selfconsistent set of Eqs.(2) are solved numerically for a square lattice with sizes up to 41×41 and for a set of Matsubara frequencies ω n with n up to 100. This turns out to be enough to cover a wide enough temperature regime in order to track the evolution of the pseudogap in the DOS and its repercussions on the physical quantities which we want to discuss here. For computational reasons we work as usual with the difference between the total Green's function and its zero order approximation; i.e for v = 0 [8] . The properties of the one particle spectral functions for the Bosons and Fermions have adequately been dealt with previously and we refer the reader to refs [5, 7] . We hence shall not discuss them here in any further detail but rather concentrate on the evaluation of the specific heat, the NMR relaxation rate and the optical conductivity and show to what extent they are influenced by the opening of the pseudogap in the DOS and the breakdown of Fermi liquid properties of the Fermions. We evaluate for that purpose the total free energy F = E − µN tot − T S where the inner energy E = H 0 + vH 1 + µN tot is separated into a component of the uncoupled BF system and into that of Boson-Fermion exchange coupling.
N tot = n tot N where N is the total number of sites in the system. The expression for the exchange coupling contribution to F can be obtained directely by evaluating the closed loop diagram (Fig.1) which yields
Inserting the solutions of Eq.2 into the above expression we evaluate F using
where F 0 is the free energy of the non -interacting system, and consecutively derive the specific heat at constant volume C V = (dE/dT ) and the entropy S = (E − µN tot − F )/T [9] . As can be seen from the temperature dependence of the DOS of the Fermions at the Fermi level N(0)(see Fig.2 ), a pseudogap starts opening up below a certain characteristic temperature T ⋆ which for our choice of parameters is around 0.015. T ⋆ shows up noticeably in the temperature behaviour of C V where it corresponds to a net upturn of C V which, with lowering the temperature below T ⋆ , increases as lnT . This behaviour can be traced back to the onset of a precursor to superfluidity of the Bosons which aquire coherency i.e. quasi free particle like behaviour with an effective mass which diminishes as the superconducting state is approached [5, 7] . T ⋆ is equally visible in the temperature behaviour of the entropy S which at this temperature shows a noticeable deviation from linearity which is observed for higher temperatures and is due to effectively free Fermions. Both the inverse Boson mass and the compressibility show a monotonic increases with decreasing temperature with a cross-over to a much steeper rise below T ⋆ . The lowest temperature results for the specific heat, as well as for the Boson correlation function show a critical behaviour with a finite value of T C . We identify this transition, as it should be, as a Kosterlitz-Thouless transition [10] , since one expects a Bose-Einstein condensation for a 2D system [11] .
The onset of a pseudogap and a concommitant coherence of the Bosons is also visible in the magnetic response of the system measured by the magnetic susceptibility
where χ(0, 0) and the NMR relaxation rate
q χ"(q, ω)/ω where χ"(q, ω) = Imχ(q, ω). Evaluating the expression Eq(4) to within lowest order i.e, neglecting vertex corrections but fully taking into account the selfconsistent expressions for the Fermion one particle Green's function we obtain the results for (T 1 T ) −1 as a function of temperature as illustrated in Fig.(3) . We again notice a drastic changeover of a fairly well represented temperature independent Koringa behaviour for T > T ⋆ to a rapid drop of 1/(T 1 T ) below T ⋆ . Nevertheless even for T > T ⋆ the usual Korringa ratio (T 1 T ) −1 /S 2 0 does turn out not to be temperature independent as it should be expected for free uncorrelated Fermions. On the contrary (T 1 T ) −1 /S 0 is fairly temperature independent for T > T ⋆ as can be seen from Fig.(3) and tracks the temperature behaviour of N(0).
As the last manifestation of the pseusogap in the DOS of the Fermions we want to discuss here the optical conductivity which is defined by
where the α ′ s component of the total current is given by j α (τ ) = i 
